Objective (1) To present the magnetic resonance imaging (MRI) fi ndings of congenital muscular torticollis (CMT) of subjects who underwent surgical release and subjects who showed a good prognosis with stretching exercises and (2) to correlate the MRI findings with the histopathologic findings of CMT for subjects who underwent surgical release in order to examine the hypothesis that the MRI fi ndings of CMT can be used as a determinant to perform surgical release of CMT. Method The neck MRI findings of 33 subjects who underwent surgical release for CMT were compared with those of 18 subjects who were successfully managed only with conservative management. Th e MRI fi ndings were correlated with the histopathologic sections of the CMT mass. Results All 33 subjects (100%) who underwent surgical release showed one or more low signal intensities within the involved sternocleidomastoid muscle (SCM) on the T1-and T2-weighted images of neck MRI. Th e eighteen non-surgical candidates showed only enlargement of the SCM without low signal intensity within the SCM. Th e histopathologic fi ndings showed interstitial fi brosis and/or the presence of aberrant tendon-like excessive dense connective tissue that was either well-arranged or disorganized. Conclusion Th e histopathologic fi ndings and MRI fi ndings showed good correlation in terms of the amount of fi brosis and aberrant dense connective tissue within the SCM. If multiple or large low signal intensities within the SCM are noted, we think that surgical release should be considered.
INTRODUCTION
Congenital muscular torticollis (CMT) is one of the most common musculoskeletal problems in children and the prevalence is as high as 3.92%. 1, 2 In patients with CMT, shortening of the unilateral sternocleidomastoid muscle (SCM) causes ipsilateral head tilt, slight rotation of the chin to the contralateral side and limitations in head movement, 2 and if left untreated, it can cause www.e-arm.org musculoskeletal complications such as craniofacial deformities and compensatory scoliosis. 3 The mainstay of management of CMT is stretching exercise. About 90% or more of CMT cases are known to be cured with only stretching exercise and without any musculoskeletal complications. 4 However, about 10% of the cases of CMT do not respond to stretching exercise and the CMT causes secondary musculoskeletal deformities that have a negative impact on both the psychological and social aspects of life. However, not much is known about what determines the responsiveness to stretching exercise for treating CMT. The use of magnetic resonance imaging (MRI) for the musculoskeletal system has increased. While there are some reports on the MRI fi ndings of CMT, [5] [6] [7] [8] [9] [10] [11] [12] the role of MRI in CMT has been controversial. 9 Furthermore, only a few studies have investigated the correlation between the neck MRI fi ndings and the histopathologic fi ndings of a CMT mass in the SCM. 11, 12 We have experienced a couple of patients with CMT who did not respond to stretching exercise and showed craniofacial asymmetry. The neck MRI showed that low signal intensities were found within the shortened SCM. Th ese clinical experiences prompted us to hypothesize that the MRI fi ndings of CMT could be used as a determinant for performing surgical release of CMT. We obtained more neck MRIs of CMT especially from subjects who needed surgical release, and we correlated the MRI fi ndings with their histopathologic fi ndings. Th e purposes of this study were (1) to present the MRI fi ndings of CMT of subjects who underwent surgical release as well as of subjects who showed a good response to stretching exercises and (2) to correlate the MRI fi ndings with the histopathologic fi ndings of CMT for subjects who underwent surgical release in order to examine the hypothesis that the MRI fi ndings of CMT can be used as a determinant for performing surgical release of the CMT.
MATERIALS AND METHODS
Th is was a retrospective study and we used information from the medical records in this study. Th e data included the demographics and the radiologic and histopathologic studies of the study population. Th is study was approved by the Institutional Review Board (IRB) of our medical center. Informed consent from patients was not necessary because this was a retrospective study using only the medical records.
Enrollment of patients
Among the subjects who came to our medical center for abnormal posture of the head and neck from January 2009 to October 2009, the subjects who met all of the following criteria were included in this study: (1) the subjects were diagnosed with CMT according to the diagnostic criterion of CMT mentioned below, (2) neck MRI without contrast for CMT was taken when the subjects were 4 months old or older, and (3) there was a followup period of 6 months or more since taking neck MRI. Th erefore, all the subjects were 10 months old or older at the time of this study. We made an algorithm to show the enrollment of subjects in this study (Fig. 1) .
Diagnosis of CMT
In this study, CMT was diagnosed for subjects who showed (1) shortening of the unilateral SCM, with limitation of the full range of motion of lateral fl exion toward the ipsilateral shoulder and slight rotation of the chin to the contralateral side; and (2) lack of full rotation of the neck toward the contralateral shoulder, which was noticed since childhood (3) without any postnatal history of injury or surgery of the neck. Among the subjects who were diagnosed by the above definition, although the majority of subjects showed a thickened unilateral SCM that looked like a tumor or mass, the older subjects showed a shortened unilateral SCM with the appearance of a taut cord-like band without a mass on the unilateral SCM. For this reason, the presence of a thickened SCM or the presence of a mass on the unilateral SCM was not included in the diagnostic criterion of CMT. 
www.e-arm.org

Magnetic resonance imaging
Most of the neck MRIs were performed in order to determine whether or not surgical release was required. The majority of the subjects who showed full range of motion (ROM) of the neck with/without a mass at the age of 4 months old did not undergo neck MRI. Our previous clinical experience as well as the reports of previous studies 7, 8 showed that the neck MRIs of subjects younger than 4 months old demonstrate high signal intensity on T2 and proton density-weighted images (Fig. 2 ). This high signal intensity disappears as the infants get older, and at the age of 4 months, those high signal intensities can no longer be observed. This was the rationale for taking neck MRI at the age of 4 months or older in this study. We checked the neck MRI at the age of 4 months or older if there were limitations of neck fl exion and rotation despite intensive stretching exercises for 3-6 months. The exception to this was longstanding neglected CMT subjects in whom neck MRIs were performed without a follow up period of physical therapy. We thought that an early diagnosis of CMT and a decision about surgical release of SCM was important to prevent the progress of secondary musculoskeletal complications in these neglected subjects. The neck MRIs were obtained using one of two 1.5-T MRI units (Signa, GE Healthcare). The following imaging parameters were used: TR/TE, 400-600/11-14 for T1-weighted imaging and 3,000-4,000/75-100 for T2-weighted imaging; section thickness, 3.0-6.0 mm; slice gap, 1-2.5 mm; and FOV, 180-240 mm depending on body size and section planes. The neck MRIs of the subjects were reviewed by both a doctor with over 10 years of experience with CMT patients and a radiologist specializing in the musculoskeletal system. Th e major review points were as follows: 1) Th e presence of low signal intensity within the shortened SCM (compared with the signal intensity in the contralateral SCM)
2) Identifi cation of the head(s) involved: on neck MRI, both the sternal and clavicular heads were well visualized. Th e involved head(s) such as the sternal head, the clavicular head or both heads of the SCM were identifi ed in terms of the signal intensity within the shortened SCM 3) Measurement of the thickness of the shortened SCM: if the shortened SCM was 2 mm or more thicker than the SCM of the contralateral side, it was considered thickened. If the shortened SCM was 2 mm or more thinner than the SCM of the contralateral side, it was considered atrophied. If the difference between the right SCM and the left SCM was 2 mm or less, then the difference was considered negligible.
Surgical release for CMT
Surgical release for CMT was performed on patients (1) who were aged 6 months or older and showed signifi cant functional limitation of the neck motion due to the shortening of the unilateral SCM despite stretching exercises for 6 months or (2) who were longstanding neglected CMT cases already showing obvious craniofacial asymmetry. Under general anesthesia, abnormal fi brous tissue and tight fascia was released and the involved head(s) such as the sternal head, the clavicular head or both heads was/were released by the third author.
Review of the histopathologic fi ndings
After surgical release of the shortened SCM, the histopathologic sections of the CMT in the SCM were reviewed. All muscle specimens for histopathologic study were obtained from the lower end of the sternocleidomastoid muscle because the myotomy or myectomy was done through a skin incision just above the upper margin of the clavicle. The presence of low signal intensity within the shortened SCM All 33 subjects who underwent surgical release (100%) showed one or more low signal intensities within the involved SCM on both the T1-and T2-weighted images of neck MRI. Compared to the MRI fi ndings of subjects that did not have low signal intensities within the SCM (Fig. 3) , the images of these subjects showed the typical fi ndings of low signal intensities within the SCM (Fig. 4) . Eighteen subjects with CMT were successfully managed with physical therapy including stretching exercise, ending up with restoration of the full range of motion of the neck and decrease of the size of the mass.
Identifi cation of head(s) involved
Low signal intensities were found in the sternal head of www.e-arm.org the SCM in 21 subjects (63.6%), in the clavicular head in 3 (9.1%), and in both the sternal and clavicular heads in 9 (27.3%) among the 33 subjects with low signal intensities within the SCM. Th erefore, the sternal head was involved in 90.9% of the total subjects with CMT. www.e-arm.org
Measurement of the thickness of the shortened SCM
In terms of the thickness of the shortened SCM, 6 subjects whose ages were between 10 months to 38 years old did not show a thickened SCM among 51 subjects who underwent neck MRI for CMT and showed atrophy or the same thickness of the shortened SCM with low signal intensity in the shortened SCM (Fig. 5) . These subjects presented clinically with a cord-like prominent unilateral SCM with limitation of neck motion and craniofacial asymmetry.
Review of the histopathologic fi ndings
Among the 33 subjects who underwent surgical release, the histopathologic sections of the CMT from the surgical release of SCM were available for 26 subjects (22 men and 13 women; age at the time of surgical release: 62.51±85.51 months old; and age range: 6 months old-38 years). Th e normal SCM without CMT shows normal histologic fi ndings (Fig. 6) . Regarding the histopathologic findings of CMT (Fig. 7) , all 26 subjects showed interstitial fibrosis and/or the presence of aberrant tendon-like excessive dense connective tissue that was either well-arranged or disorganized. Abnormally coiled vessels and myxoid change of the nerves were also noted in some subjects. Th ere were 8 subjects (30.8%) who showed prominent fat infi ltration. www.e-arm.org
DISCUSSION
Our current study suggested that neck MRI is useful in the process of determining whether surgical release is needed for CMT cases in which there is signifi cant limitation of neck movement even with intensive stretching exercises for 3-6 months. What we are able to add to the previous findings is that if there are multiple or a large amount of low signal intensities within the SCM, surgical release for CMT should be considered. [6] [7] [8] [9] 11, 12 The histopathologic fi ndings revealed that some of these low signal intensities were due to aberrant tendon-like excessive dense connective tissue that was either well-arranged or disorganized, along with interstitial fi brosis, a fi nding which has already been reported in the previous studies. 11, 12 Fibrosis leads to a reduction of the mobile proton (hydrogen ion) density, and so it shows hypointensity on both the T1-and T2-weighted MR images. Not much is known about what determines the responsiveness of CMT to stretching exercise. If we know what the poor prognostic factors for the conservative management of CMT are, surgery can be considered for the cases with poor prognosis before the CMT causes secondary musculoskeletal deformity and the patient is overwhelmed by the stress from the stretching exercise for a prolonged period. Although an ultrasonogram has been used as the golden standard for the diagnosis of CMT, 1, 4 its role in providing information on the prognosis of CMT seems limited. There have been several reports on the histopathologic findings of CMT, and most of them were mainly based on fi ne needle aspiration cytology of CMT 10,13-20 and they did not give useful information in terms of the prognosis of CMT. It has been known that early detection and initiation of conservative treatment for CMT leads to resolution of CMT in the majority of patients. 4, 21, 22 However, it is possible that some subjects who already have aberrant tendon-like excessive dense connective tissue within the SCM since birth will not show a favorable response even with early initiation of conservative management. This aberrant tendon-like excessive dense connective tissue within the SCM may function as an obstacle to proper muscle functioning of the surrounding SCM, and may eventually cause significant atrophy of the surrounding SCM as the subjects get older. Th e atrophied SCM looks like a cord or tendon because of the scarcity of proper muscle and the lack of contractility of this aberrant dense connective tissue. Th e majority of the previous reports on the MRI fi ndings of CMT were case reports or reports on a small number of patients. Parikh et al. 9 enrolled 40 subjects with CMT in their study and concluded that MRI did not alter the treatment of these subjects. It is surmised that the diff erent conclusions between our current study and Parikh's report is related to the number of surgical candidates who were included in the studies. Our study reported the MRI fi ndings for 33 surgical candidates who showed a poor response to conservative treatment for CMT and they all showed large or multiple low signal intensities within the SCM. But 90% or more of the cases of CMT are known to respond well to conservative treatment and the majority of them would not have shown low signal intensity on neck MRI. Th is study has several signifi cant limitations. First, this was not a randomized controlled trial but a retrospective review. During the study period, most of the neck MRIs were taken in order to determine whether surgical release was required. Further study with more children who show a good response to conservative management is required. Second, the histopathologic findings of the SCM were only from the children who showed incomplete recovery with stretching exercise, which means that we do not know the pathological changes of the majority of the children who showed a good response to conservative management. Further, all the muscle specimens for histopathologic study were taken from the lower end of the SCM because we conducted myotomy or myectomy through a skin incision just above the upper margin of the clavicle. If the CMT was located far from the lower end of the SCM, the muscle block that had the characteristic findings was not submitted for histopathologic study. Th ird, most of the subjects in this study had been given conservative management before they came to our hospital. But some neglected CMT cases who showed craniofacial asymmetry and had not had any previous physical therapy were enrolled in our study, and all of them also showed low signal intensity and interstitial fibrosis and/or aberrant tendon like dense connective tissue in the SCM and underwent surgical treatment.
CONCLUSION
Even with these limitations, the histopathologic find-www.e-arm.org ings and MRI findings demonstrated good correlation with each other and we were able to conclude that low signal intensities represent interstitial fi brosis with/without aberrant dense connective tissue. Based on these fi ndings, we suggest that low signal intensities within the SCM on MRI are a strong indication for surgical release.
